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Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), a novel member of the 105 
Coronaviridae family, has been identified as the etiologic agent of an ongoing pandemic of severe 106 
pneumonia known as COVID-191. To date there have been millions of cases of COVID-19 107 
diagnosed in 184 countries with case fatality rates ranging from 1.8% in Germany to 12.5% in 108 
Italy2. Limited diagnostic testing capacity and asymptomatic and oligosymptomatic infections 109 
result in significant uncertainty in the estimated extent of SARS-CoV-2 infection3. Recent reports 110 
have documented that infection with SARS-CoV-2 is accompanied by persistent shedding of virus 111 
RNA in stool in 27%4 to 89% of patients at densities from 0.8 to 7.5 log10 gene copies per gram5. 112 
The presence of SARS-CoV-2 RNA in stool raises the potential to survey sewage for virus RNA 113 
to inform epidemiological monitoring of COVID-19, which we refer to as wastewater-based 114 
epidemiology (WBE)6, but is also known as environmental surveillance7. 115 
Several  studies have reported the detection 116 
of SARS-CoV-2 RNA in wastewater in the 117 
early stages of local outbreaks, further 118 
supporting the technical viability of WBE8–10. 119 
WBE could be especially informative given 120 
that oligosymptomatic infections are likely 121 
not captured in clinical surveillance. In such 122 
instances, WBE can be used to determine 123 
the burden of undiagnosed infections at the 124 
population level, which is critical to refining 125 
estimates of case-fatality rates. Additionally, 126 
wastewater offers an aggregate sample 127 
from an entire community that is more easily 128 
accessible than pooled clinical samples11. 129 
Along with clinical data and other technological approaches such as contact tracing, WBE could 130 
provide critical monitoring of COVID-19 transmission within a community including the 131 
beginning,tapering, or re-emergence of an epidemic (Figure 1). This approach mirrors previous 132 
efforts in environmental monitoring, for example poliovirus RNA, to inform mechanistic models of 133 
pathogen transmission dynamics12. 134 
 135 
FIGURE 1 | In wastewater-based epidemiology (WBE), the prevalence of SARS-CoV-2 infections 136 
in a community could be estimated by enumerating the virus RNA in that community’s sewage 137 
and performing mass balances on virus shedding using population and sewage flow rate data. 138 
Such information can then inform public health responses to the outbreak. 139 
 140 
The ongoing pandemic provides a meaningful opportunity to field-test the hypothesis that 141 
WBE can be used to detect and manage infectious disease transmission in communities. Many 142 
research groups across the globe are mobilizing to monitor wastewater for SARS-CoV-2 RNA for 143 
this purpose. However, the quantitative relationship between RNA densities in sewage and 144 
human infection prevalence is dependent on many spatial and temporal variables. Importantly, 145 
these relationships must be examined in both urban settings with centralized wastewater facilities 146 
and rural and low-income settings with decentralized wastewater infrastructure. Assessing 147 
variation and uncertainty across such diverse settings requires the systematic harmonization and 148 
validation of methodologies across research groups. Therefore, to maximize the potential of the 149 
diverse WBE efforts underway, we propose a global effort to coordinate methodologies and data-150 
sharing to maximize the yields of WBE for the current and future outbreaks of disease. The 151 
community will also benefit from including appropriate fully quantitative controls and standards as 152 
described previously by Bustin et al. 200913 to ensure cross laboratory comparability and data 153 
defensibility. Efficient harmonization of sampling, quality control, and analysis methods in the near 154 
term and, in the future, widespread dissemination of the resulting datasets and publications will 155 
help to ensure a high-quality evaluation of WBE.  156 
In partnership with the Sewage Analysis CORe group Europe (SCORE) network and the 157 
Global Water Pathogen Project, we have launched the COVID-19 WBE Collaborative 158 
(https://www.covid19wbec.org/) as a hub to coordinate and promote the efforts of research groups 159 
undertaking WBE for COVID-19. The website will include content such as press releases, 160 
commentaries, and media content for public outreach and will be used to solicit participation in 161 
the collaborative and advertise events relevant to WBE. In the future, the site could also be used 162 
to host datasets and promulgate publications and presentations that result from the COVID-19 163 
WBE Collaborative. We are pleased to invite our colleagues to join this effort at a level 164 
commensurate with their discretion. 165 
The website also links to two important platforms for ongoing collaboration. The first is a 166 
protocols.io working group for methodological coordination. Research groups currently 167 
undertaking wastewater surveillance for SARS-CoV-2 are invited to share their protocols to help 168 
produce comparable results across geographies and time scales. Important details include, but 169 
are not limited to, the timing, frequency, location, and volume of sampling, relevant metadata, 170 
sample storage, means of concentration, extraction, and quantification of nucleic acids and 171 
observed processing recoveries. As previously mentioned, harmonization in the execution, or at 172 
minimum the reporting of relevant details, will greatly enhance the robustness of resulting 173 
datasets for analyzing transmission dynamics at various spatial and temporal levels. The second 174 
platform linked through the website is a Slack workspace for informal communication regarding 175 
COVID-19 WBE. The ongoing COVID-19 pandemic continues to evolve rapidly; therefore, any 176 
collaborative effort must include a platform for rapid communication. 177 
As we work to sample sewage in the midst of this pandemic, biosafety remains paramount. 178 
Beyond protocols for sample analysis, we encourage all interested parties to work together to 179 
ensure appropriate biosafety measures while conducting this important work.  Additionally, we 180 
ask funding agencies and the wastewater industry to consider funding for collaborative research 181 
related to COVID-19 WBE. The ongoing COVID-19 pandemic affords the occasion for engineers 182 
and scientists to collaborate with population-based scientists, such as epidemiologists, 183 
mathematical modelers and public health agencies to make high impact and timely contributions 184 
to society at large. The magnitude of such an opportunity calls for interdisciplinary coordination 185 
on a global scale to multiply the impacts of individual efforts. To that end, we have established 186 
the COVID-19 WBE Collaborative to facilitate such collaboration and we encourage all interested 187 




(1)  Zhou, P.; Yang, X. Lou; Wang, X. G.; Hu, B.; Zhang, L.; Zhang, W.; Si, H. R.; Zhu, Y.; Li, 192 
B.; Huang, C. L.; et al. A Pneumonia Outbreak Associated with a New Coronavirus of 193 
Probable Bat Origin. Nature 2020, 579 (7798), 270–273. https://doi.org/10.1038/s41586-194 
020-2012-7. 195 
(2)  Dong, E.; Du, H.; Gardner, L. An Interactive Web-Based Dashboard to Track COVID-19 in 196 
Real Time. Lancet Infect. Dis. 2020, 3099 (20), 19–20. https://doi.org/10.1016/S1473-197 
3099(20)30120-1. 198 
(3)  Li, R.; Pei, S.; Chen, B.; Song, Y.; Zhang, T.; Yang, W.; Shaman, J. Substantial 199 
Undocumented Infection Facilitates the Rapid Dissemination of Novel Coronavirus (SARS-200 
CoV2). Science (80-. ). 2020, 3221 (January), eabb3221. 201 
https://doi.org/10.1126/science.abb3221. 202 
(4)  Zhang, W.; Du, R. H.; Li, B.; Zheng, X. S.; Yang, X. Lou; Hu, B.; Wang, Y. Y.; Xiao, G. F.; 203 
Yan, B.; Shi, Z. L.; et al. Molecular and Serological Investigation of 2019-NCoV Infected 204 
Patients: Implication of Multiple Shedding Routes. Emerg. Microbes Infect. 2020, 9 (1), 205 
386–389. https://doi.org/10.1080/22221751.2020.1729071. 206 
(5)  Wölfel, R.; Corman, V. M.; Guggemos, W.; Seilmaier, M.; Zange, S.; Müller, M. A.; 207 
Niemeyer, D.; Jones, T. C.; Vollmar, P.; Rothe, C.; et al. Virological Assessment of 208 
Hospitalized Patients with COVID-2019. 2020. https://doi.org/10.1038/s41586-020-2196-209 
x. 210 
(6)  Sims, N.; Kasprzyk-hordern, B. Future Perspectives of Wastewater-Based Epidemiology: 211 
Monitoring Infectious Disease Spread and Resistance to the Community Level. Environ. 212 
Int. 2020, 105689. https://doi.org/10.1016/j.envint.2020.105689. 213 
(7)  Zhou, N. A.; Fagnant-Sperati, C. S.; Komen, E.; Mwangi, B.; Mukubi, J.; Nyangao, J.; 214 
Hassan, J.; Chepkurui, A.; Maina, C.; van Zyl, W. B.; et al. Feasibility of the Bag-Mediated 215 
Filtration System for Environmental Surveillance of Poliovirus in Kenya. Food Environ. 216 
Virol. 2019, 12 (1), 35–47. https://doi.org/10.1007/s12560-019-09412-1. 217 
(8)  Medema, G.; Heijnen, L.; Elsinga, G.; Italiaander, R.; Brouwer, A. Presence of SARS-218 
Coronavirus-2 in Sewage. medRxiv. https://doi.org/10.1101/2020.03.29.20045880. 219 
(9)  Wu, F.; Xiao, A.; Zhang, J.; Gu, X.; Lee, W.; Kauffman, K.; Hanage, W.; Matus, M.; Ghaeli, 220 
N.; Endo, N.; et al. SARS-CoV-2 Titers in Wastewater Are Higher than Expected from 221 
Clinically Confirmed Cases. medRxiv 2020, No. February 2019, 1–13. 222 
https://doi.org/10.1101/2020.04.05.20051540v1. 223 
(10)  Ahmed, W.; Angel, N.; Edson, J.; Bibby, K.; Bivins, A.; O’Brien, J. W.; Choi, P. M.; Kitajima, 224 
M.; Simpson, S. L.; Li, J.; et al. First Confirmed Detection of SARS-CoV-2 in Untreated 225 
Wastewater in Australia: A Proof of Concept for the Wastewater Surveillance of COVID-19 226 
in the Community. Sci. Total Environ. 2020, 138764. 227 
https://doi.org/10.1016/j.scitotenv.2020.138764. 228 
(11)  Murakami, M.; Hata, A.; Honda, R.; Watanabe, T. Letter to the Editor: Wastewater-Based 229 
Epidemiology Can Overcome Representativeness and Stigma Issues Related to COVID-230 
19. Environ. Sci. Technol. 2020, 20045880. https://doi.org/10.1021/acs.est.0c02172. 231 
(12)  Manor, Y.; Handsher, R.; Halmut, T.; Neuman, M.; Abramovitz, B.; Mates, A.; Mendelson, 232 
E. A Double-Selective Tissue Culture System for Isolation of Wild-Type Poliovirus from 233 
Sewage Applied in a Long-Term Environmental Surveillance. Appl. Environ. Microbiol. 234 
1999, 65 (4), 1794–1797. https://doi.org/10.1128/AEM.65.4.1794-1797.1999. 235 
(13)  Bustin, S. A.; Benes, V.; Garson, J. A.; Hellemans, J.; Huggett, J.; Kubista, M.; Mueller, R.; 236 
Nolan, T.; Pfaffl, M. W.; Shipley, G. L.; et al. The MIQE Guidelines: Minimum Information 237 
for Publication of Quantitative Real-Time PCR Experiments. Clin. Chem. 2009, 55 (4), 611–238 
622. https://doi.org/10.1373/clinchem.2008.112797. 239 
 240 
